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論文内容の要旨
Nano/microbubbles 0'倒Bs) as ultr出ound(US) co凶astagents are current1y used to enhance 
the capabilities of diagnostic imaging. NMBs are also providing new avenues for therapeutic 
applications of US. A drug delivery system using NMBs and US utilizes a mechanism of 
sonoporation, which uses US to enhance cel permeabilization via impulsive pressures generated 
by either collapsing bubbles or cavitation bubbles created by the collapse. Subsequent1y, 
exogenous molecules enter nearby cels. Thus, it allows the non-invasive delivery of therapeutic 
agents into specific target cels. This system is at仕acting increasing interest because of its 
advantages, including easy operation, low toxicity, low immunogenicity, low invasiveness, high 
tissue selectivity, and repeated applicability. 
However, the 仕組sfection efficacy is generally low with the delivery method. Routes of世ug
administration can be divided into two categories: systemic and regional. Drug delivery efficiency 
of regional administration is 1,000 times higher than 血atof systemic adminis仕ation. 百lerefore，to 
propose a novel cancer therapy, development of a regional cancer therapy based on regional drug 
delivery is e宜ective. Bladder cancer is one of the potential candidates for in仕avesical
administration. The urinary bladder is a balloon-shaped closed organ that stores urine. Therefore, 
therapeutic genes and m侶s can be infused through catheterization and retained in the bladder 
and the behavior ofNMBs can be con仕olledby US exposure. 
The objectives of this dissertation are to develop an effective gene delivery system with NMBs 
and US for cancer therapy and to demons仕ate the application of the delivery system to regional 
caner therapy evaluated in the bladder 出 aregional delivery 旬rget.
Chapter 1 describes a general in仕oductionon a 世ugdelivery system using NMBs and US and 
the objective of the dissertation. 
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Chapter 2 evaluates the effectiveness of the molecular delivery system using NMBs and US 
into tumor cels. Tumor necrosis 白ctor-α(TNF-α) plasmid DNA, an anti-tumoral gene, was 
repeatedly transfected into mouse solid 旬mors using NMBs and US and the anti-tumor e旺ects
was evaluated. This study shows repeated TNF-αgene delivery using NMBs and US could 
maintain the TNF -u gene expression leve1 within a 加mor， leading antitumor e旺ects inc1uding 
activation of p53-dependent apoptosis, decrease in vesse1 density in 知mor， and suppression of 
tumor Slze. 
Chapter 3 proposes localized gene de1ivery using NMBs and US, evaluated in the bladder. A 
dual-intensity US sys旬m (DIUS) consisting of low-/high-US intensities w出 used for regional 
molecular delivery to the mouse normal bladder wall. Low-intensity US directs NMBs to targeted 
cells in the bladder and high-intensity US collapses NMBs for in仕acellulardelivery of exogenous 
molecules. Using the DIUS, f1uorescent molecules and luciferase expressing plasmid DNA was 
delivered in the bladder wall success白llyand 仕組sfection e宜iciencywas increased on repeatedly 
applying low-and high-intensity US cyc1es. This system shows potential for bladder cancer as 
regional cancer therapy. 
Chapter 4 describes conc1usions. 
This dissertation shows that the developed gene de1ivery system using NMBs and US is 
e百回tivefor regional cancer gene therapy and can be a c1inically viable option for bladder cancer. 
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論文審査結果の要旨
ナノ・マイクロバブルと超音波を用いた分子導入法は非侵襲的に標的車ãi織に遺伝子などの高分
子を導入することが可能であるが，導入効率が低いとしづ問題点がある.薬剤導入法には局所投
与と全身投与があり，局所投与の分子送達率は全身投与より高いことが知られている.したがっ
て，局所投与と組み合わせることで本分子導入法の導入効率の改善が図られるものと期待される.
本論文では，治療性遺伝子を本分子導入法で導入することで抗腫療効果を定量化し，つぎにがん
局所遺伝子導入の有効性を明らかにしものであり，全4 章からなる.
第 1 章は序論であり，本研究の背景，目的および構成を述べている.
第 2 章では，本分子導入法でマウス固形腫壌に腫場壊死因子である TNF-α 遺伝子を繰り返し導
入し，腫場内の TNF-a 遺伝子の発現を持続させることで， p53 遺伝子依存性カスパーゼ、 3 を活性
化させ，血管障害の誘導と腫虜サイズの縮退を示したものである.本結果は TNF-a 遺伝子の導入
で誘導される細胞や組織の分子生物学的な応答性，ならびに腫虜内血管と腫場サイズの継時的縮
退を定量化したものであり 特筆すべき成果である.
第 3 章では，本手法を用いた遺伝子導入法の臨床への応用展開を目指し，局所投与が有効な腸
耽がんを治療対象にした治療実験である.高圧と低圧を組合せた二重超音波照射法で、マウスの正
常時脱内を浮遊するナノ・マイクロバブルを勝目光頭頂部に移動・破壊させ，蛍光分子およびレポ
ーター遺伝子を腸脱壁に選択的に導入することに成功している. 本成果は本分子導入法が，がん
局所療法である腸脱がん治療に有効であることを示したものであり，今後の臨床応用の可能性を
示した極めて重要な成果である.
第4 章は結論である.
以上，本論文は，ナノ・マイクロバブルと超音波による分子導入法のがん遺伝子治療の有効性，
および\局所療法の可能性を明らかにしたものである.本論文の研究内容は，工学， 生化学，腫
蕩学，分子生物学的研究を含む学際的成果であり，その波及効果と普遍性は高く，医工学の発展
に寄与するところは少なくない.
よって，本論文は博士(医工学)の学位論文として合格と認める.
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